
Fore-C: Forecasting 
coral disease outbreaks 
across the tropical Pacific





June 2014 - May 2017 Thermal Stress
• Longest global bleaching event ever
• Most widespread bleaching event ever
• Over ½ exposed twice (Guam 4 of 5 years)
• >75% suffered bleaching-level heat stress
• Probably most damaging on record

No Stress      Watch      Warning      Alert  1        Alert 2



Image: Hawai‘i DAR
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Global incidences of coral disease, 1970-2010



Maynard et al 2015 
Nature Climate Change

Increasing disease risk under 
future climate scenarios

Coral disease may be as likely to 
cause coral mortality as bleaching 
in the coming decades



Fore-C:  Goal & Objectives

Goal:  Increase the resolution and predictive power of forecasts of coral disease 
outbreaks across the tropical Pacific

Objective 1: High-resolution satellite products from more regions and diseases

Objective 2: Develop short-term temperature forecasts

Objective 3: Develop satellite-derived water quality indices as coral disease predictors

Objective 4: Improve understanding of pre-visible coral stress response
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311,320 colonies
651 sites
18 island & atolls
12 years

Montipora White Syndrome, Porites Growth Anomaly, Porites Tissue Loss



Coral disease in Hawai‘i

• Geology
• Rainfall
• Temperature
• Community 

composition (marine)
• Anthropogenic stress



Objective 1: High-resolution satellite products 
from more regions and diseases

Existing

New

50 km

5 km

• Updated satellite data products for SST at 5 km resolution 
• Expansion to additional Pacific reef areas
• Expansion to additional coral diseases



Objective 2: Use short-term temperature 
forecasts to build disease risk projections

Measured

Forecast

• Climate models predict SST for the coming months
• Forecast disease risk based on relationships between disease and temperature anomalies
• Check out Scott’s posters presenting initial results for GBR and Hawaii



Objective 3: Develop satellite-derived water 
quality indices as coral disease predictors

http://coralreefwatch.noaa.gov

NOAA Coral Reef Watch Near Real-Time Satellite Ocean Color
Tools for Land-based Sources of Pollution and Coral Reef Management

Erick F. Geiger1,2, William J. Hernandez4, Menghua Wang3, Jacqueline L. De La Cour1,2, Gang Liu1,2, Kyle V. Tirak1,2, 
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The only satellite-based system available for U.S. and global coral reef management

Ocean Color Tools for Reef Managers
Land-based sources of pollution (LBSP) are a major threat to
coral reef health. They can cause mortality, encourage
disease, disrupt critical ecological reef functions, and impede
growth, reproduction, and larval settlement.

NOAA's Coral Reef Watch (CRW) program and the NESDIS
Ocean Color Team are developing new products to monitor
LBSP over coral reef ecosystems using the Visible Infrared
Imaging Radiometer Suite (VIIRS) onboard the S-NPP
satellite.

From VIIRS, near-real-time satellite products of chlorophyll-
a and Kd(490) are being developed for two U.S. Coral Reef
Task Force priority watershed sites - Ka’anapali (West Maui,
Hawai'i) and Guánica Bay (Puerto Rico).

• The color of coastal water
is related to water quality.

• Satellite ocean color data
provide a synoptic view of
water quality.
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Introduction

How Can Ocean Color Help Coral 
Reef Managers?
Brown water in Honokahua Bay, West 
Maui. Multicopter Maui, Jan. 2016.

The two most commonly
used ocean color products
for monitoring water quality
are:

Chlorophyll-a
Represents phytoplankton
biomass and nutrient status
(productivity) as an index of
water quality.

Kd(490)
The diffuse attenuation
coefficient at 490nm (or light
blue in the visible spectrum).

Total organic and inorganic
matter held in solution and
suspension (turbidity) within
the water column.

Virtual Monitoring Areas
Establishing virtual areas in
coastal waters along major
watersheds enables:

• Monitoring of maximum
and mean chlorophyll-a
and Kd(490) through time.

• Comparisons between
adjacent watersheds during
heavy rain events.

• Comparisons of water
quality before and after
land use changes and
runoff mitigation efforts are
implemented.

Anomaly Products and Alerts
Derived anomalies of chlorophyll-a & Kd(490) will be
generated over virtual areas in each watershed to analyze
variations from “normal” levels through time, allowing
managers to gauge the severity of events.

VIIRS 8-day average chlorophyll-a from January 2
to January 9, 2015. Image Captured from STAR
Ocean Color Viewer.

Visible runoff and agricultural land use around
West Maui airport. Image credit, USGS.

(Left) West Maui Ridge to Reef initiative area map showing five distinct watersheds from north to south; 1. Honolua, 2. Honokahua, 3. Kahana, 4.
Honokowai, and 5. Wahikuli. (Right) VIIRS 750m Chlorophyll-a concentration map from January 1, 2018. Black outlines indicate five preliminary Virtual
Areas corresponding to the coastal waters immediately adjacent to each of the five watersheds shown in the left image.

VIIRS 750m Chlorophyll-a concentration - January 1, 2018
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VIIRS 750m Chlorophyll-a anomaly - January 6, 2014

Data Access and Web Portal
750m daily VIIRS ocean color data are currently available for 
download on Coral Reef Watch’s website as NetCDF files: 
https://coralreefwatch.noaa.gov/satellite/research/oceancolor.php

VIIRS 750m Chlorophyll-a anomaly map from January 6, 2014. The Chlorophyll-a anomaly was
calculated using the 61-day median chlorophyll-a following Stumpf et al. (2003).

(right) Monthly maximum Kd(490) time series (solid black lines) from each of the 5 Virtual Areas pictured
above. The dashed red lines represent the average of the monthly maximums. The dates of two large
peaks are shown for Honokahua and Wahikuli to emphasize high turbidity events.

http://coralreefwatch.noaa.gov
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managers to gauge the severity of events.
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to January 9, 2015. Image Captured from STAR
Ocean Color Viewer.

Visible runoff and agricultural land use around
West Maui airport. Image credit, USGS.

(Left) West Maui Ridge to Reef initiative area map showing five distinct watersheds from north to south; 1. Honolua, 2. Honokahua, 3. Kahana, 4.
Honokowai, and 5. Wahikuli. (Right) VIIRS 750m Chlorophyll-a concentration map from January 1, 2018. Black outlines indicate five preliminary Virtual
Areas corresponding to the coastal waters immediately adjacent to each of the five watersheds shown in the left image.
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VIIRS 750m Chlorophyll-a anomaly - January 6, 2014

Data Access and Web Portal
750m daily VIIRS ocean color data are currently available for 
download on Coral Reef Watch’s website as NetCDF files: 
https://coralreefwatch.noaa.gov/satellite/research/oceancolor.php

VIIRS 750m Chlorophyll-a anomaly map from January 6, 2014. The Chlorophyll-a anomaly was
calculated using the 61-day median chlorophyll-a following Stumpf et al. (2003).

(right) Monthly maximum Kd(490) time series (solid black lines) from each of the 5 Virtual Areas pictured
above. The dashed red lines represent the average of the monthly maximums. The dates of two large
peaks are shown for Honokahua and Wahikuli to emphasize high turbidity events.• Water quality is an important predictor for some coral diseases

• Developing tools based on chl-a and diffuse attenuation (turbidity)



Objective 4: Improve understanding of pre-
visible coral stress response

• Corals respond internally to stress before any visible signs are apparent
• Microbial and metabolomic profiling to understanding previsible impacts on corals 
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Changes in metabolite profiles in 5 species over 24 hours – In this experiment 20 samples of A. 
aspera, Montipora digitata, M. aequituberculata, Pocillopora damicornis and Porities cylindrica 
were taken at 500, 1000, 1600 and 2100 h to examine both species and temporal variation. A PCA 
plot (Figure 3a) of the analysis clearly demonstrates 5 distinct groups (representing the five 
species) with no significant difference within the one species due to time of sampling. This 
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Figure 2. Changes in metabolite profile of A. aspera exposed to (a) elevated temperature for 6 days 
followed by a recovery period and (b) increased in pCO

2
 of an average 70 ppm above ambient. Bar 

charts represents metabolites whose concentration significantly change in responses to (c) 
temperature stress and (d) increase pCO

2
. Inset Venn diagram shows the intersection between those 

metabolites that differ in response to thermal and/or increases in pCO
2.
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Figure 1. Dark adapted yield (a), Symbiodinium densities (b) and PLS of metabolite changes (c) 
during a simulated bleaching event for A. aspera. Significant changes can be seen in the metabolite 
profile well before visual signs of bleaching can be observed. 
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First visible signs

First signs can be distinguished in profiles



Metabolomic & Microbial Profiling
• Partners:
• The Nature Conservancy
• Division of Aquatic Resources

• West Maui
• Coral health and water quality 

surveyed at 52 sites
• 2 coral species at 20 sites

• Hawai‘i
• 12 sites 
• Porites lobata
• Long-term water quality data

• Outbreak Response
• Paired outbreak/nonoutbreak
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Fore-C Team Meeting

Fore-C Focus Group

JoLeah Lamb (Cornell University)
Bruce Monger (Cornell University)
Laurie Raymundo (U Guam)
Courtney Couch (U Hawai‘i à NOAA Ecosys Sciences

• >30 participants from The Nature Conservancy, 
Hawai‘i DAR/DLNR, NOAA, Maui Ocean Center, US-
FWS, PMNM, NPS, GBRMA

• Hawai‘i, American Samoa, Guam, GBR
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